A nutritional study was carried out on 30 rural, lowincome women, aged 25 to 35 years, in the village of Dhandra, Ludhiana District, Punjab, India, to measure the energy cost of selected household and farm activities. The mean weight, mid-upper-arm circumference, and triceps skinfold thickness were below the reference standards. A negative energy balance among the subjects indicated their poor energy status. The energy costs of selected household and farm activities were assessed by the Caltrac personal activity computer. The energy costs of household activities-making dough, making chapatis, grinding masala, hand pumping, washing utensils, sweeping, mopping, washing the floor, mud pasting, and washing clothes-were 0.0306. 0.0281, 0.0595, 0.0337, 0.0266, 0.0424, 0.0530, 0.0331, 0.0634, and 0.0453 kcal/kg/min, respectively. The energy costs of farm activities-collecting fodder, chaffing fodder, milking, making dung cakes, picking sag, harvesting wheat, bundling wheat, picking paddy, brooming paddy, and separating paddy-were 0.0472, 0.0372, 0.0530, 0.0270, 0.0337, 0.0623, 0.0374, Measurement of energy cost of selected household and farm activities performed by rural women Editorial comment 2. Scrimshaw NS, Waterlow JC, Schürch B, eds. Energy and protein requirements. Eur J Clin Nutr 1996;50(suppl 1): S1-S97. 275 0.0411, 0.0370, and 0.0744 kcal/kg/min, respectively. All selected activities were categorized as light, except for grinding masala, mopping, mud pasting, harvesting wheat, separating paddy, and milking, which were categorized as moderate on the basis of Food and Agriculture Organization (FAO) physical activity ratios. The Caltrac gave lower values for the energy costs of most of the activities. Although it is simpler and less costly, the Caltrec must be calibrated against methods of measuring oxygen consumption for similar activities.
Nutritionists and physiologists owe a great debt to the many investigators in various parts of the world who have undertaken the laborious direct measurement of oxygen consumption for various activities using a portable calorimeter. These have been compiled by the Food and Agriculture Organization/World Health Organization/ United Nations University (FAO/WHO/UNU) [1] and are currently being updated. The energy cost of activities compiled by this method can then be used to calculate the total energy cost in various ways. The most common is a timed record of activities that can be multiplied by the average total duration of categories of activities with similar energy cost.
The various methods for evaluating the energy expenditure of specific activities have been reviewed by the International Dietary Energy Consultative Group (IDECG) [2] . Doubly labeled isotope methods give the estimated total energy expenditure over several days but are not applicable to individual activities. Electronic measurement of heart rate calibrated against measurement of oxygen consumption at various heart rates has been reasonably valid.
Another approach to the intensity of various activities has been the use of an accelerometer about the size of a pocket watch, either mechanical or electronic. The results must be calibrated against data from direct measurement. The Caltrac accelerometer used in the study that follows takes this method a step further by automating the calculations. However, as the authors conclude, like other indirect methods, it must be calibrated against data from direct measurements of energy expenditure.
Introduction
Energy is the basic requirement for the maintenance of life and physical work output. The energy expenditure of a person is related to several factors, the major ones being physical activity, body mass and composition, temperature, and recent food intake. Other factors, such as age and sex, are related to energy expenditure, but their effects are secondary [1] . The maintenance of body energy balance depends on the relationship between energy intake and expenditure. Restricted energy intake leads to a reduction in energy expenditure, which may appear in the form of decreased metabolic rate and limited work capacity. The energy intake further depends upon income, which is the major deciding factor that determines the quantity and quality of the diet. Adequate energy status of young women is of vital importance because they have to perform multiple roles. Women are engaged in routine and occupational activities both at home and outside that require light to heavy expenditure of energy. Rural women spend excessive time and energy on routine domestic chores and agricultural activities, and this has adversely affected the nutritional status and health of most of the rural population. In addition, the economic status of these women differs widely, which further affects their work performance and health [2] . The assessment of energy expenditure is, therefore, a more logical approach to determine the energy requirement in terms of output for productive work and leisure activity.
The physical activity diary method (PADM) is a common technique used to estimate total daily energy expenditure. This procedure is tedious and time-consuming. Caltrac is an electronic device developed to estimate the energy cost of different activities that is easy to use under field conditions. It showed high test-retest reliability during laboratory tests [3] [4] [5] . The measurement of energy expenditure to determine energy requirement is of great significance. The present study, therefore, was designed to measure the energy cost of common household and farm activities performed by Punjabi farm women.
Materials and methods
Thirty nonpregnant, nonlactating women, aged 25 to 35 years, were selected from the village of Dhandra, Ludhiana District, India, to participate in the study. All were in the low-income group, with a per capita monthly income below Rs 400 (about US$8.70).
The height, weight, mid-upper-arm circumference (MUAC), and triceps skinfold thickness (TSFT) of the subjects were measured [6] . Body mass index (BMI) was calculated by the equation given by Garrow [7] , and body fat percentage was estimated from the skinfold thickness at four sites (biceps, triceps, subscapular, and suprailiac) by the equation given by Durnin and Womersley [8] .
Food intake was recorded for seven consecutive days by the 24-hour recall method. Nutrient intake was calculated with the MSU Nutriguide computer program [9] for the Indian population. Total daily energy expenditure was estimated by the physical activity diary method (PADM). The time spent on daily activities of the subjects was recorded in 15-minute intervals for seven days along with the dietary survey. Energy expenditure was calculated by applying the energy cost of each activity as given by James and Schofield The total daily energy expenditure was also calculated from the ICMR prediction equation where the basal metabolic rate (BMR) factor of 1.9 was given for moderately active women [11] .
Ten household activities (making dough, making chapatis, grinding masala, hand pumping, washing utensils, sweeping, mopping, washing floors, mud pasting, and washing clothes) and five daily farm activities related to dairy operations (collecting fodder, chaffing fodder, milking, making dung cakes, and picking sag) were selected randomly from the daily energy expenditure pattern of the subjects to assess their energy cost. In Punjab most of the farm operations are carried out by men. Women from low-income families engage in farm activities during the wheat and paddy harvesting seasons. Therefore, all the farm activities during harvesting were selected. These included harvesting wheat, bundling wheat, picking paddy, brooming paddy, and separating paddy. All of the household and farm activi-Energy cost of household and farm activities ties were performed manually by the subjects.
The energy cost of individual activities was determined by the Caltrac Personal Activity Computer. The weight (pounds), height (inches), age (years), and sex of the subjects was entered into the computer. The Caltrac calculates the basal metabolic energy being used by the body immediately after the personal data are entered. It estimates the total energy expenditure from activity counts and the estimated basal metabolic rate along with an estimate for the thermic effect of feeding. The counts are accelerometry measurements of the body's movement in a vertical plane [12] . The energy cost of all the activities was determined three times. The physical activity ratios (PARs) of individual activities were calculated by the following formula [10]:
PAR =
Energy cost of an activity per minute Energy cost of basal metabolic rate per minute
Results and discussion

Anthropometry
The subjects were taller (152.3 cm) than the average Indian woman (150.7 cm) [11] . On the other hand, the body weights of the subjects were less than the standards of weight-for-height (52-58 kg) [13] . The MUAC and TSFT were 83% and 74% of the reference standards, respectively [6] . The BMI was in the normal range (20.0-25.0 kg/m 2 ) but toward the lower margin [7] , whereas the percentage of body fat was in the normal range [8] .
Energy balance
The daily energy intake of the subjects was 1,661 kcal, which was 75% of the recommended dietary allowance (RDA) of the ICMR [10]. The estimated total daily energy expenditure of the subjects was 2,067 according to the physical activity diary method and 2,251 kcal according to the ICMR prediction equations (table 1) . The physical activity level (PAL) of the subjects ranged between 1.43 and 2.08, with a mean value of 1.74. Spurr et al. [2] estimated the PAL of farm women as 1.83 when at home and 1.90 when at work. The anthropometric profile and energy balance of the subjects indicated an unsatisfactory energy balance.
Mann et al. [14] also reported a poor energy status for rural women belonging to low-income families.
Daily energy expenditure pattern
The daily household and farm activities performed by the subjects were classified on the basis of the Food and Agriculture Organization (FAO) physical activity ratios [10] . The subjects spent an average of 9 hours and 19 minutes performing light household activities and 2 hours and 50 minutes in moderate activities. On the other hand, those subjects who owned milk animals spent an average of 3 hours and 31 minutes daily on dairy-related activities (table 2) . The farm activities for the kharif (April) crop included wheat harvesting and bundling, which lasted for 15 days. The total average daily time spent on farm activities was 9 hours and 22 minutes. During the rabi season (September-October), picking and brooming paddy took 8 to 10 days and paddy separation lasted for 10 to 12 days. The total daily time spent on farm activities during the rabi season was 7 hours (table 3) . Table 4 shows the energy cost and physical activity ratio (PAR) of selected household activities (making dough, making chapatis, grinding masala, hand pumping, washing utensils, sweeping, mopping, washing floors, mud pasting, and washing clothes) assessed by Caltrac. The energy costs of all household activities were lower than the BMR multiples of FAO, except for mopping and washing the floor ( fig. 1) . A low energy expenditure estimated by Caltrac has also been reported in the literature [15] [16] [17] [18] . The higher energy costs of mopping and washing floors could be due to different procedures in performing these activities by the subjects when compared to the population group described in the FAO study [10] . The energy costs of hand pumping and mud pasting or of similar activities were not available in the literature for comparison. The classification of activities based on the physical activity ratio [10] is shown in table 5. The physical activity ratio of the household activities ranged from 1.30 to 3.09. The minimum physical activity ratio was observed in case of washing utensils (1.30) followed by making chapatis (1.37), while the maximum PAR was found in mud pasting (3.09) followed by grinding masala (2.90) and mopping (2.58) . According to the classification of activities on the basis of FAO physical activity ratios [10], all the household activities were categorized as light with a PAR ranging from 1.0 to 2.5 except for grinding masala, mopping, and mud pasting which were in the moderate category (2.6 to 3.9 ). None of the household activities were observed as heavy.
Energy cost and physical activity ratio of household activities
Energy cost and physical activity ratio of farm activities
The energy cost and physical activity ratio (PAR) of selected farm activities-collecting fodder, chaffing fodder, milking, making dung cakes, picking sag, harvesting wheat, bundling wheat, picking paddy, . 2 ) than FAO. The energy cost estimated by Caltrac was higher for seasonal farm activities such as picking paddy, brooming paddy, and separating paddy compared with the values for similar activities given by FAO. The energy costs of the same activities were not available for comparison, so similar activities were used. The higher energy costs for these activities could be due to the different procedures used in performing these activities by the subjects of the present study when compared to the population in the FAO study. The energy costs of bundling wheat and chaffing fodder or similar activities were not available in the literature for comparison. The PAR estimated by Caltrac was highest for separating paddy (3.62), followed by harvesting wheat (table 5 ). The energy cost of different household and farm activities assessed by Caltrac showed that the day of the rural women was crowded with a variety of household tasks, ranging from light to moderately heavy. Spurr et al. [2] also reported light to moderately heavy farm and household activities performed by rural Colombian women.
Conclusions
Although BMR multiples of FAO are used to assess the daily energy expenditure, the energy costs of many activities performed by rural Punjabi women are not available. Caltrac is a simple electronic device that was used to assess the energy costs of some selected household and farm activities. Caltrac underestimated the energy costs of most of the activities, as compared with the physical activity ratio (PAR) calculations using FAO tabulations of the energy cost of specific activities calculated from direct measurements of oxygen consumption. It is concluded that the energy cost values estimated by Caltrac can be used, but they must be calibrated against standard methods.
